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PURPOSE 

Studies were  made to determine the magnitude of the down- 
pull forces that act  on the gate leaves s o  that hoists of adequate and 
yet not excessive capacity could be provided. 

PART ONE- - PALISADES- TYPE REGULATING SLIDE GATE 

Conclusions 

1. The maximum downpull during free-discharge operation is 
about 59 percent of the downpull computed by assuming full bonnet 
pressure  on top of the leaf minus atmospheric p r e s s u r e  on the bottom 
uf the leaf. 

2. The maximum downpull force for f r ee  discharge occurs  at 
a gate opening of about 40 percent  (Figure 4D). 

3 .  The downpull during subme1,ged operation will be g rea te r  
than during free-discharge operation at the same  differential head 
because the p ressu re  difference from the bonnet to  the flat surface 
on the leaf bottom will be grea ter  during the submerged operation. 
The p ressu re  difference is grea ter  because with f r e e  discharge the 
difference equals the bonnet p r e s s u r e  minus a bottom p r e s s u r e  that 
is essentially atmospheric and the s a m e  a s  the downstream pressu re ,  
whereas with submerged operation the difference equals the bonnet 
p r e s s u r e  minus a bottom pressu re  t h a t  is always appreciably l e s s  
than the downstream pressu re  due to the pattern of flow beneath the 
leaf.  Careful analysis and /o r  model studies will be  required to  accu- 
rately determine the downpull forces f o r  submerged operation. 

4. The downpull force  on this ty?e of gate will vary to a limited 
extent with smal l  differences in leaf geometry. 



The Palisades-type gate is a rectangular ,  downstream 
sea l ,  high- capacity sl ide gate designed f o r  use a s  a regulating 
device urlder high heads (Figure 1). The principal features  of 
the gate a r e  the s m a l l  gate s lo t s ,  the outwardly offset downstream 
slot  co rne r s  followed by gradually inwar$ sloping s ide walls,  and 
a leaf with n f1la.i: upstream face and a 45 sloping bottom. This 
gate design was developed to  meet  the requirements  of the outlet 
works a t  Pal isades Dam where l a rge  flows of wa te r  a t  heads up to 
240 feet  were  to be controlled. 

Tlle gate a s  orig2nally designed had the gate s lo t s  a t  the  
downstream face of the leaf and was intended for  f ree-discharge 
regulation (F igure  I ) .  Recently the gate has been considersed f o r  
use under water ,  and model s tudies  have shown that th i s  design is 
sat isfactory for  mos t  submerged operating conditions. There  is, 
however, 3 range of gate openings between 0 and 5 percent  where,  
if the submergence is smal l ,  negative p r e s s u r e s  will occur  on the  
wall just downstream of the s lot .  To  eliminate these negative p r e s -  
s u r e s ,  a design revision was proposed which moved the s lo t s  1 2  
inches upstream f rom the downstream face  of the leaf ,  and thus,  
upstreani f rom the point of control in the gate (Figure 3) .  

Data on the hydraulic downpull charac te r i s t ics  of the 
Pal isades-  type s l ide gate were  desired in o r d e r  that adequate and 
yet not excessive hoists could be provided. To obtain this  informa- 
tion, model s tudies  were  made using a i r  a s  the tes t ing fluid. The 
design with the gate s lo t s  moved 1 2  inches upstream was  used in the 
t e s t s ,  but the data a r e  applicable to e i the r  the s tandard o r  t o  the pro-  
posed revised design. 

The A/Iodcl 

T h e  s tudies  were  made with an a i r  model and the a i r  was 
drawn ftoom the atmosphere by a centrifugal blower and forced 
through a s t i l l ing  section and the t e s t  section, and then back into 
the a t m o s p l ~ e r e  (Figure 2). The r a t e  of flow was measured  by a C 

flat plate orifice a t  the entrance to the 12-inch-diameter inlet l ine 
of thc blowcr*. The t e s t  section consisted of a plywood conduit 8 . 2 3  
inches w i d e  by 16.. 67 inches high (Figure 3). The 2.48-inch-thick 
gate leaf w a s  rnade of heavy-gage sheet  metal ,  and was  supported 
in the type of s lo t s  proposed f o r  the revised gate design. T h r e e  
rows of eight piezometers  were placed on the leaf bottom s o  the 
p r e s s u r e  distribution could be determined a t  stations on the conduit 
center l ine,  and 0.18 and 1 .10 inches f rom the s ide walls.  An addi- 
tional piezometer was  placed in the bottom of one of the projections 
of the  leaf that extended into the gate s lots .  The ups t ream p r e s s u r e  



upstream f rom the leaf.  A piezometer  on the roof centerline 
1 inch upstream f rom the leaf  gave the approximate bonnet 
p r e s s u r e .  N o  bonnet was  included in the model. All p r e s s u r e  
nleasurements  were  made with water-fi l led U-tubes, and the 
readings were  made in tenths of inches and est imated to the 
nea res t  hundreth of an  inch. The t e s t  procedure consisted of 
sett ing the leaf at the des i red  position, allowing a few minutes 
of operation for  conditions to stabil ize,  and taking the p r e s s u r e  
readings.  The leaf  was then s e t  a t  the next des i red  position and 
the process  repeated. Readings were  taken a t  a 5-percent gate 
opening, and a t  10-percent increments  f rom 10  to 80 percent.  

Investigation 

A nlodel that uses  a i r  a s  the flowing fluid and d ischarges  
into the atmosphere,  operates  under submerged conditions. In the 
case  of the Palisades-type gate,  the flow conditions along the up- 
s t r eam face and along the  sloping bottom of the leaf a r e  the s a m e  
f o r  f ree  discharge and submerged operation. P r e s s u r e s  measured  
on this pa r t  of the air model a r e  therefore  applicable a l so  to  f r ee -  
discharge conditions. A flow difference exis ts ,  however, along 
the horizontal portion of the leaf which l i e s  downstream f rom the 
abrupt ending of the slope.  During f r e e  discharge,  the flow will 
spr ing c l ea r  of this  sur face  and the p re s su re  on i t  and on any s e a l  
extensioli will be a tmospheric .  During submerged operation, a n  
eddy of the flowing fluid will be in contact with the surface and the 
p re s su res  will be a function of the head, the gate opening, the con- 
duit shape a t  the gate exit ,  and the back p r e s s u r e  on the gate. The 
lowest p r e s s u r e  that can occur  on the sur face  when wa te r  is flowing 
i s  the vapor p r e s s u r e  of water ,  about -30 feet, gage. The p r e s s u r e  
under a s ea l  extension, if one is used,  will be affected in  about the 
s a m e  manner .  

Prac t ica l  considerations dictate the width of the flat on the 
leaf bottom and on any s e a l  extensions required.  Therefore ,  the 
geometry of the gate bottom may not be exactly s i m i l a r  for  ga tes  
designed fcr different s ized  installations and heads.  To make the 
data applicable to these variations in design, it was  broken down 
into the data applicable to the sloping portion of the leaf ,  and the 
data applicable to the f la t  bottomed portion including s lot  projections 
and sea l  extensions (Figure 4A). 

The p r e s s u r e  measurements  showed that without submerg-  
ence the bocnet p r e s s u r e  at ze ro  opening was the s a m e  a s  the total  
head, and that it decreased with r e spec t  to  the total  head a s  the  gate 
opened (Figure 4B). At z e r o  opening the average p r e s s u r e  acting 
upward on the plan a r e a  of the sloping bottom, without submergence, 
was the s a m e  a s  the total  head. It decreased to  a minimum at 70 
percent  open, and increased again at 80 percent  open. The p r e s s u r e  
distribution envelopes f o r  the sloping gate bottom were  applied to 



: i l - t ! :~L,  ^we I.'(: ~ ( i c i ed  together. This sum was'divided by the c ross -  
scctiona'. ;ireus of the leaf to give the single equivalent p r e s s u r e  
,;:i111t. tt:;lt (:an be assumed t:, ac t  over  the full a rea .  The differ- 
<: i : ( . tm  i)r:tv/t:eli the bonnet p ressu rc  and the average p ressu re  over  
t , r t  .iic;!>rh(; liotton~ was a nlaximunl a t  311 opening of about 45 per-  
V . ~ ? I I ;  ; r r i t I  t l~f :  difference did not exceed about 53 percent of the 
ior, . !  1 ~ 1 ; : i c i  ( I ; ' ~ g u r c s  4B and C ) .  Submerging tlle gate had the effect 
( 7 : '  (1111,.i11) ;ll:.;ing the pressures  in  the bonnet; and on the sloping 
I ) ( ) i t 1 > ~ 1 1  c ) i  t t i ~ '  leaf. Thus no net p ressu re  difference occurs  on 
tIr!:- 1.1 : ' i l o l ~  of' the leaf for  submerged o r  free-discharge conditions 
;!I ,, ;! l . . * c s ~ l  t1t:;id differential producing flow. The total head produc- 
I I ~ ; ,  i " l i  ; t :  i~.t?u-discharge conditions was taken as the difference 
!~~?tw<:l:li tht .  to ta l  head upstream from the gate and atmospheric 
s f!ntlcr submerged conditions the total head producing 
i : ( i : .  ;F:I!; talct:n as the difference between the total head upstream 
r t7c ) r l l  fhr: g:rte and the static head well dov~nstream. 

i l c i l  free-discharge flow thc net clownpull on the flat bottom, 
t t l c .  >.lc:i  ! J ~ ~ ~ ~ ~ ~ c ~ ~ o I ~ s ,  and any sea l  extension can be determined from 
ti:!! cil:'it*t'cnc-.t3 between the bonnet p ressu re  and atmospheric p ressu re .  
7. o !  s,lr,lr~t:l~gt?d ilow the greatest  possible net downpull on the flat 
r > ( ~ i : f i ' ~ i ,  'irlc! on i i ~ ~ y  sea l  extension would be determined from the differ- 
L ~ I L < : C  i>t:t \*i t t t ; i i  the bonnet p ressu re  and vapor p ressu re .  I t  is unlikely 
 xi t .;;i!,or pressu re  would ever  occur over  the whole a r e a  s o  this 
. .X i  I , < l 1 l i t %  t:o~iriitic~n should not exist .  In the more  likely c a s e s  where 
! i ~ t a  : t. i11~::t1t rxver  he conduit fai lures  or. unexpectedly low tail water ,  
. I , ) ( ;  i * : i ~ ~ ~ l ' ( *  Illr! submergence will always be sufficient to hold the p r e s -  
. L , . ,  c t  . tii!. f l a t  o f  the leaf and on the seal al>ove vapor p r e s s u r e ,  the 

~:l.?t c : l )w~~i )~ l l i  would he determined from the difference between the bon- 
! ; I : ,  ! I  i b l s : ; l l l . t .  ,tnd these surface pressures. Such p ressu res  would 
, . :) i t ! !, i: i ! , t v t :  tt:, be determined experinlentally for the part icular  ge- 
(:: , : ,  r .  ,." . $  1 i'ioiv ec~nciitions involved. 

* I : + +   tot,^! tfownpull force acting on the leaf will be the sum 
- '  .. . I .  . , : : r~ul i  t'c,rces acting on the various portions of the leaf. 

:. : . i l t ~ i j ~ l ~  calculation of the c!ownpull forces follows: . 
. - 1 1  !.-.l:l!;ir.::c conditions 

. I + .  %-;t,t~irfard gate leaf 6 .  0 feet wide ,  2 .  0 feet thick, 3-inch 
I':,!: on bottom, Ci- by 6-inch slot projections, no s e a l  
c1::teri:;ion, (Figu1.e 411). 
El+- .a t i ;  200 feet. 

' l  :,&. 111.t iorce .tctlng ciownw;it.d c,n the pian a r e a  over  the 
: I ' [ * k t . -  le..f bcttt.m is: 



ead  diff % 21.3 47.1 52 .5  52.9 51.4 25.1 
HT 

(2) x HT = head 42.6 94.2 105.0  105.8  102.8  50.2 
diff (feet ,  H20) 

(4) (3)  x 6 2 . 4  = 2 ,658  5, 878 6, 522 6, 602 6 ,414  3 ,  132 
P r e s  diff psf 
(4) x a r e a  = 

(5) downpull, l b  27, 909 61, 719 68, 796 69, 321 67, 347 32,886 
(Area = 6 . 0  x 
1 .75  = 10.50) 

The ne t  f o r ce  ac t ing  downward on the plan a r e a  of the  flat 
bottom and the s l o t  project ions  (no seal extension on s tandard  gate)  is: 

76) Bonnet P r e s  70 99.5 96.0  92.2 86.3 78.0 50.1 
HT 

(6) x HT = 
Bonnet P r e s  = 

(7) Head difr" (ft, 199.0 192.0 184.4  172.6 156 .0  100 .2  
H2 0) 
7) x 62.4  - - 

(8) L r e s  diff (psf) 12.417 11,981 11,507 10,770 9 ,734 6,252 
18) x A r e a  = 

- - - - -  
Downpull; A = 

(9) (0.25 x 6 .0)  + 24,834 23,962 23,014 21,540 19,468 12,504 
2(0.5 x 0.5) = 
2.00 
(5) + (9) - - 

(10: Total  downpull 52,743 ' 85,681 91,810 96,861 86,815 45,390 
lb 
HT = Total  head u p s t r e a m  of gate.  

If i t  w e r e  a s sumed  that  the ful l  to ta l  head minus  a tmosphe r i c  
p r e s s u r e  acted ove r  the full  a r e a  of the l ea f ,  the  calculated downpull 
would be 200 x 62.4 x (10.5 + 2.0) = 156,000 pounds. The  maximum 
downpull of 91,810 pounds obtained with the  above t e s t  informat ion is 
5 0  percellt  of  t h i s  value.  Th i s  percentage value will v a r y  somewhat  
depending upon the width of the flat bottom of the  l e a f ,  the  locat ion of 
the Leaf project ions  and whether  o r  not s e a l  extensions  are used.  

Fox. submerged  flow whe re  conditions could arise to  a l low 
vapor  p r e s s u r e  under  t he  f la t  of the leaf ,  the method of calculation 
would be the s a m e  as tha t  in the f r e e  d i scharge  example ,  except  t ha t  
head di f ferent ia l  i n  I t em (7) becomes  the  to ta l  bonnet p r e s s u r e  minus  
vapor  p r e s s u r e .  When back p r e s s u r e  conditions can  be depended upon 
to  mainta in  appreciable  p r e s s u r e s  under  and just  downs t ream f r o m  
the leaf ,  the head di f ferent ia l  becomes  the to ta l  bonnet p r e s s u r e  minus  
the p r e s s u r e  on the  l ea f  bottom f o r  the pa r t i cu l a r  opera t ing  condition. 



Conclusions 

1. The maximum downpull force will be about 40, 000 pounds, 
and i t  will occur under submerged conditions at  a gate opening of 
about 3.  3 inches prototype with the reservoi r  at  the maximum eleva- 
t i  F i e  7 ) .  The downpull decreases  rapidly a s  the gate open- 
jng is incrSeased beyond 3. 3 inches. No downpull occurs  during free-  
cli scharge operation. 

2. C:lvitation may occur. under the bottom sea l  of the leaf when 
tile gate opening is small  and the head differential a c r o s s  the leaf  is 
la rge .  

3 .  The downpull data for  the Glendo gate may be applied to other 
g.\tes of silnil;l~- geometry by simple s teps  outlined i n  this repor t .  

Introduction 

The fixed-wheel bulkhead gate at Glendo Dam is 3. 3 feet 
ti~lc:!., 16. 5 feet wide and 21.0 feet high and is located near the en- 
rl.;tllce of the  21-foot-diameter outlet and power tunnel (Figure 5). 
111 r~ot-ma1 use the gate remains  fully open. When a normal  closure 
1:-. rec?ulred i t  is made with no flow taking place and with the p ressu res  
u!):;nSeanl and downstream of the leaf balanced. Emergency closures 
1~1 th  unbalanced pressures ,  as would be the case  following a penstock 
l~reai.;, c:an be made when necessary.  Operation with unbalanced pl-es- 
..:ur.e conditions will a lso occur during the tunnel filling period when 
tlic.: gilLC will be used a s  a flow regulatoi- a t  openings of 3 to 6 inches. 

The control point of this fixed-wheel gate is located a t  the up- 
.-z!-canl borton~ edge of the leaf,  and when the gate is controlling the 
i ic~w,  the p~-essul-e on the bottom of the leaf will be l e s s  than the pl-es- 
: ; i l ~ . t t  (:I? top of the leaf and in thy tunnel just downstream. This is due 
ro tilt: t';i(:i that as the flow passes  beneath the leaf, the flow velocity is 
~iig11 vrl~ile the piezometric p ressu re  is cox-respondingly low. The leaf 
ix,:ton; p ~ ~ e s s u ~ ~ e s  to be expected during the tunnel filling period were  
01' prinlr-ir-y in teres t  because a t  very smal l  gate openings the flow beneath 
tiit: thick leaf, af ter  passing through the vena contract, tends to expand 
ancl occupy the full section beneath the web a t  the downstream face of 
11lc leaf and therefore to  appreciably lower the p ressu re  on the ent i re  
garc bottom. At these conditions the downpull forces will be large.  As 
tiit. gate opening increases,  the jet contraction and subsequent expansion 
L., al tered so  that space is left between the downstream web and the jet, 
L ~ ~ l d  fluid is able to t ravel  upstream through this space to partially r e -  
lieve the low pressu res  on the gate bottom. When the gate reaches  the 
1'1111 open position, the pressur-es beneath the leaf a r e  essentially ' the 
.-;,inle as  in the tunnel and on top of the leaf. At this point the downpull 
1s quite small .  



downpull forces that will ac t  on the gate through a widerange  of gate 
openings, and special emphasis was given to the smal l  openings to  be 
used while filling the tunnel. The data may be applied to other gate 
installations that a r e  geometrically s imi lar  'Lo the Glendo gate. 

The Model 

The basic model components described i n  P a r t  I of this re- 
port were used to determine the hydraulic downpull forces that will 
act on the Glendo gate. A new gate leaf was constructed and the s lo ts  
were shaped to represent  those for the Glendo s t ruc ture  (Figure 6 ) .  
The leaf was 2. 82 inches thick and contained 10 piezometers on the 
bottom along o r  near the gate centerline. A piezometer i n  the tunnel 
roof upstream from the gate and another downstream from the gate 
were used to obtain p ressu res  for  determining the head drop a c r o s s  
the gate. The position of the gate could be observed and measured 
through the transparent ~ l a s t i c  windows tliat formed the outer walls 
of the gate slots.  

Investieation 

The head drop ac ross  the prototype gate was determined by 
c:omputation. It was assumed that the 21-foot-diameter tunnel was 
I - ~ ~ p t u r e d  a t  the power bifurcation, and that the r e se rvo i r  was a t  the 
rnasimum water-surface elevation of 4669.0. The head l o s s  through 
thc intake s t ruc ture  and tunnel with the gate 100 percent open s e t  the 
ma.uimum flow at 21, 500 cfs. As the gate closes to reduce the flow, 
the tunnel los ses  become smal ler  and the head drop ac ross  the gate 
becomes la rger ,  until a t  very smal l  openings, the total head of 178 
feet is expended ac ross  the gate. The relation of the prototype head 
ci:.op to the gate opening i s  shown in Figure 7A. Tes t s  were made on 
tile 111odel at LX number of gate openings, and the p ressu re  drop a c r o s s  
the gate at  each setting w a s  measur-ecl. The prototype head drop for 
L! pnrticuln~. gate opening (Figure 7A) was divided by the model head 
drop for the equivalent opening to obtain the factor by which the r e -  
niaini~ig model values should be multiplied to obtain the prototype 
I)I'CS sures .  

A plot was made of the computed prototype downpull forces 
ivhich ill this case  a r e  caused by the 1-cduction in  p ressu re  under the 
seal,  under the lower web of the gate, and under the downstream lip 
(Figure 713): The total downpull, which is the sum of the individual 
tic~wnpulls, for these portions of the gate is also shown. A sample 
culculation of the downpull forces,  working directly from the model 
data, follows. 



Model p r e s s u r e s  obtained a r e :  

UP- Down- 
s trearn s t r e a m  Gate  
head head Seal  (avj  D. S. l i p  - - 
i-8.07 -0.09 -1.25 -0. 51 -0. 52 ( inches of wa t e r )  

Prototype head d r o p  ( f rom F i g u r e  7A) = 178 fee t  

Fac tor  for convers ion = 8 
178 

. 07  + 0.09- = 21- 80 

Downstream head = -(0.09) (21.80) = -1.96 

l l l ~ d e r  the  s e a l  = "(1. 25) (21. 80) = -27. 21 

Under the  ga te  = -(0. 51) (21. 80) = -11.12 

l lnder the  DS l i p  = -(0. 52) (21.80) = -11. 34 

Assume that  the p r e s s u r e s  a r e  the  s a m e  o v e r  the  full  width 
of the gate. Then the downpull is found by multiplying the  p r e s s u r e  
diffel-ence between the  ga te  top and bottom by the  specif ic  weight of 
w a t e r  and by the  a r e a  of the  gate sec t ion  on which t h e  p r e s s u r e  dif- 
fe rence  acts: 

Seal  = (27.21 - 1.96) (62.4) (16. 5) (0. 3802) = 9, 900pounds 

Gate = (11. 12 - 1. 96) (62.4) (16. 5) (2. 9282) = 27, 610 

US l ip  = (11. 34 - 1.96) (62. 4) (16. 5) (0, 2240) = 2, 160 

Tota l  39,670 pounds 

' rhe Glendo downpull informat ion m a y  be conver ted to  apply 
tu 3 t y  georne t r ica l ly  s i m i l a r  insta.-slation by the  following method: 

1 ,  I'ind the downpull on the  Glendo ga te  f o r  the  de s i r ed  pe rcen t  
gate opening and the de s i r ed  head drop: 



DP2 = Glendo downpull with H, 

Hg = head drop a c r o s s  the Glendo gate, F igure  ?A 

Hn = desired head drop 

B. Find the des i red  hydraulic downpull by the ra t ios  of the areas 
w d e r  the two gates: 

An DP3 = DP2 X- 

*g 

where 

DP3  = downpull under the new gate with H, 

A, = a r e a  under the new gate 

Ag = a r e a  m d e r  the Glendo gate 

Cavitation p r e s s u r e s  a r e  apt to  exis t  under the bottom seal 
when the gate opening is sma l l  and the differential head a c r o s s  the 
gate is la rge .  If these conditions prevail, the downpull under the 
seal may be computed by applying cavitation pressures to  the a r e a  
under the sea l  of the gate being studied. The above method of 
conversion may a l so  be used to  compute the downpull under sect ions 
o f  the gate such a s  the web and the downstream lip. 





Air from atmosphere was drawn into inlet orifice 
(center) by centrifugal blower a t  left. Flow then passed 
through a stilling section, the test section (upper cen- 
te r  and right), and back into atmosphere. 

GATE DOWNPULL STUDIES 

Air Model 
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Foces o f  seol seo ts  shol l  be ;Face o f  b l o c k o u t  

. - - - -Gofe ho rs t  
24" DIO cy l inder  

' - - S n a t c h  hooks for 
s t e m  h o n d l i n g  

S E C T I O N  C - C  

--Pedestol for ossenbly 
ond serv ic rng .  

9. 

N O T E S  
The three gote u n ~ t s  tndrcated m Detorl"F"wrl1 be 

sh lpped s e p o r o t e l y  

F l e l d  controctor s h o l l  r r v e t  or bo l t  t h e  s p l ~ c e  

b e t w e e n  g o t e  u n r t s  o n d  s f r t c h  r r v e t  o r  b o l t  
S E C T I O N  D - D  double webs a t  t h e  j o r n t  ond shol l  msto l l  ond 

o d j u s t  seols, g u ~ d e  shoes, wheels, ond g o t e  I t f t ~ n g  s tem.  

Con:roctor shol l  dr r l l ,  reom Embedded onchor f j o l t s  sholl be  p o s r t l o n e d  t o  o 
to leronce o f  f . 

D E T A I L  " F "  

UNITED STATES 

0 
DEPARTMENT OF 7rE INTERIOR 

.3UREAU OF RECLAMATION 
MISSOURI  R I V E R  B A S I N  P R O J E C T  

G L E N 0 0  UNIT  - WYOMING 

G L E N D O  D A M  
O U T L E T  W O R K S  

1 6 . 5 ' ~  21' F I X E D  WHEEL GATE 
.. ..... t GENERAL INSTALLATION 

- - - . . . - - - . - - - - 16'- 6!.-.-- DRAWN. L. s u s u r r r a o . .  .~;K.WCI- .. . 
TRACE0 0 '( W . . . .RECOMMENDED . mm . 
CHECKED W. ~APPRO~ED(@G~BL~@ .. .. . 

S E C T I O N  E -'E 
..a or C",.. I ,*cz. 

S E C T I O N A L  E L E V A T I O N  A - A  S E C T I O N  B - B DCNVER.  COLORADO F E E  3. 1914 4 4 g - 0 - 4 0 
A 





.-...-.--.. I N C H E S  .-----.------- - FEET --. -4 
GATE OPENING 

B - DOWNPULL WHEN GATE CONTROLS FLOW A T  RESERVOIR ELEVATION 4669.0 

G A T E  D O W N P U L L  S T U D I E S  
HEAD DROP A C R O S S , A N D  D O W N P U L L  F O R C E S  ON GLENDO 

16 .5 '~  21.0' F I X E D - W H E E L  GATE I 
D A T A  FROM A I R  MODEL I 

GPO 8 4 4 5 . 0  


